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Abstrat
We study the properties of time evolution of the K0 − K¯0 system
in spetral formulation. Within the onepole model we nd the exat
form of the diagonal matrix elements of the eetive Hamiltonian for
this system. It appears that, ontrary to the LeeOehmeYang (LOY)
result, these exat diagonal matrix elements are dierent if the total
system is CPTinvariant but CPnoninvariant.
1 Introdution
This paper has been inspired by the results presented in [1℄ and [2℄. Pa-
per [1℄ analyses the problem of equality of partile and antipartile masses,
whereas [2℄ desribes an exatly solvable model of the partile-antipartile
system  in this partiular ase K0 − K¯0. The most important properties
of antipartiles follow from the CPT symmetry. This symmetry, also known
as the CPT theorem [3℄, determines the properties of the transition ampli-
tudes under the ation of the produt of C, P and T transformations (harge
onjugation, spae inversion and time reversal, respetively). Aording to
the CPT theorem, the transition amplitudes desribing any physial proess
1
must be CPT-invariant. From this we onlude that the full Hamiltonian H
of the system under onsideration must be invariant under the produt of
the C, P and T operators. Another onlusion that an be drawn here is
that stable partiles and their antipartiles must have the same mass. This
property of the partile-antipartile pair is true for stable partiles and the
same is usually assumed of unstable partiles (e.g. K0 and K¯0). Suh an
extension of a law true for stable partiles to unstable partiles is questioned
in [1℄. The reason for the widespread belief that this extension is orret is
most probably the Lee, Oehme and Yang (LOY) approximation and the on-
lusions whih follow from it  and more speially, the properties of the
eetive Hamiltonian, HLOY , governing the time evolution in the subspae
H‖. In our ase H‖ is the subspae of the total Hilbert spae of states H,
spanned by state vetors of K0, K¯0 mesons.
Following the LOY approah, a nonhermitian Hamiltonian H‖ is usually
used to study the properties of the partile-antipartile unstable system [4℄-
[9℄
H‖ ≡M − i
2
Γ, (1)
where
M =M+ , Γ = Γ+ (2)
are (2 × 2) matries ating in H‖. The M-matrix is alled the mass matrix
and Γ is the deay matrix. Lee, Oehme and Yang derived their approx-
imate eetive Hamiltonian H‖ ≡ HLOY by adapting the one-dimensional
Weisskopf-Wigner (WW) method to the two-dimensional ase orrespond-
ing to the neutral kaon system. Almost all properties of this system an be
desribed by solving the Shrödingerlike equation
i
∂
∂t
|ψ; t〉‖ = H‖|ψ; t〉‖, (t ≥ t0 > −∞) (3)
(where we have used h¯ = c = 1). The initial onditions for Eq. (3) are
‖ |ψ; t = t0〉‖ ‖= 1, |ψ; t0 = 0〉‖ = 0, (4)
where |ψ; t = t0〉‖ belongs toH‖ (H‖ ⊂ H) andH‖ is spanned by orthonormal
neutral kaons states: |K0〉 ≡ |1〉, |K¯0〉 ≡ |2〉. Thus H‖ = PH, where
P ≡ |1〉〈1|+ |2〉〈2|. (5)
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Aording to the standard result of the LOY approah, in a CPT invariant
system, i.e. when
ΘHΘ−1 = H, (6)
(where Θ = CPT ) we have
hLOY11 = h
LOY
22 (7)
and
MLOY11 =M
LOY
22 , (8)
where: MLOYjj = ℜ(hLOYjj ) and ℜ(z) denotes the real part of a omplex
number z (then ℑ(z) is the imaginary part of z), and hLOYjj = 〈j|HLOY |j〉
(j = 1, 2).
The universal properties of the two partiles subsystem desribed by the
H fullling the ondition (6), may be investigated by the use of the matrix el-
ements of the exat evolution operator forH|| instead of the approximate one
used in the LOY theory. This exat evolution operator, U‖(t), an be writ-
ten as follows U‖(t) = PU(t)P , where U(t) ≡ e−itH is the exat evolution
operator ating in the total state spae H.
Assuming that the CPT symmetry is onserved in the system under on-
siderations one nds that the matrix elements
Ajk(t) = 〈j|U‖(t)|k〉 ≡ 〈j|U(t)|k〉 (j, k = 1, 2), (9)
of the exat U‖(t), obey
A11(t) = A22(t). (10)
General onlusions onerning the properties of the dierene of the
diagonal matrix elements (h11 − h22) of the exat H‖, (whih an in general
depend on time t [10℄), where
hjk = 〈j|H‖|k〉 (j, k = 1, 2), (11)
an be drawn by analyzing the following expression derived in [1℄ for CPT
invariant systems
h11(t)− h22(t) ≡ i
detA(t)
(
∂A21(t)
∂t
A12(t)− ∂A12(t)
∂t
A21(t)
)
. (12)
In [1℄ it is shown that
h11(t)− h22(t) 6= 0, (13)
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when (6) holds and
[CP , H ] 6= 0, (14)
that is in the exat quantum theory the dierene (h11(t) − h22(t)) annot
be equal to zero with CPT onserved and CP violated. In Setion 3 we
will onsider this relation in the ontext of an exatly solvable model. This
problem is important beause realisti alulations are arried out with the
use of simplied and approximate models. Not all of them onform to the
requirements of the exat (not approximate) quantum theory.
The aim of this paper is to alulate the dierene of the diagonal ma-
trix elements of the eetive Hamiltonian, (12), in a CPT invariant and CP
noninvariant system for the approximate model analyzed in [2℄, that is in the
ase of the one  pole model based on the Breit  Wigner ansatz, i.e. the
same model as used in Lee, Oehme and Yang theory.
The paper is organized as follows. In Setion 2 we review briey the
spetral formulation for the neutral kaon system and a model desribed in [2℄:
one pole approximation. Setion 3 investigates the diagonal matrix elements
of the eetive Hamiltonian and their dierene in the CPT invariant and
CP noninvariant system in the ase of the one  pole model. In Setion
4 we present our onlusions and we estimate the numerial result of the
investigated dierene for the K0 − K¯0 system. Appendix A ontains the
relevant integrals and derivatives used in Setion 3. In Appendix B we give
the exat formulae for expressions appearing in Setion 3. In Appendix C
we nd oeients whih were used in Setion 3.
2 The model: one pole approximation
While desribing the two and three pion deay we are mostly interested in
the |KS〉 and |KL〉 superpositions of |K0〉 and |K¯0〉. These states orrespond
to the physial |KS〉 and |KL〉 neutral kaon states [2, 11, 12℄
|KS〉 = p|K0〉+ q|K¯0〉, |KL〉 = p|K0〉 − q|K¯0〉. (15)
We assume that these physial states are the initial physial states of the
CPT  invariant system, i.e. at the instant of reation of neutral kaons. We
have
〈KS|KS〉 = 〈KL|KL〉 ≡ |p|2 + |q|2 = 1 (16)
4
〈KS|KL〉 = 〈KL|KS〉 ≡ |p|2 − |q|2 def= ∆K 6= 0. (17)
The time evolution of K0 and K¯0 an be onisely presented in the fol-
lowing way:
|Kα(t)〉 = e−iHt|Kα〉
≡ AKαKα(t)|Kα〉+ AKαKβ(t)|Kβ〉+Qe−iHt|Kα〉, (18)
where Kα = K
0, K¯0 and H is the full hermitian Hamiltonian and Q = I−P ,
AKαKβ(t) = 〈Kα|e−iHt|Kβ〉 ≡ 〈Kα|Kβ(t)〉. (19)
Let us notie that amplitudes AKαKβ(t) for Kα, Kβ = K
0, K¯0 orrespond
to the previously dened amplitudes
1 Ajk(t), where j, k = 1, 2, (9). Conse-
quently we may write
AK0K0(t) ≡ 〈K0|e−itH |K0〉 = 〈1|e−itH |1〉 ≡ A11(t),
AK0K¯0(t) ≡ 〈K0|e−itH |K¯0〉 = 〈1|e−itH |2〉 ≡ A12(t),
AK¯0K0(t) ≡ 〈K¯0|e−itH |K0〉 = 〈2|e−itH |1〉 ≡ A21(t),
AK¯0K¯0(t) ≡ 〈K¯0|e−itH |K¯0〉 = 〈2|e−itH |2〉 ≡ A22(t). (20)
Using the spetral formalism we an write unstable states |λ〉 as
|λ〉 =∑
q
ωλ(q)|q〉 (21)
and then |λ(t)〉 as
|λ(t)〉 def= e−itH |λ〉 =∑
q
|q(t)〉ωλ(q), (22)
where |q(t)〉 = e−itH |q〉 and vetors |q〉 form a omplete set of eigenvetors of
the hermitian, quantum-mehanial HamiltonianH and ωλ(q) = 〈q|λ〉. If the
ontinuous eigenvalue is denoted by m, we an dene the survival amplitude
A(t) (or the transition amplitude in the ase of K0 ↔ K¯0 ) in the following
way:
A(t) =
∫
Spec(H)
dm e−imtρ(m), (23)
1
Amplitudes AK0K0(t), et., orrespond to PK0K0(t), et. respetively used in [2℄
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where the integral extends over the whole spetrum of the Hamiltonian and
density ρ(m) is dened as follows
ρ(m) = |ωλ(m)|2, (24)
where ωλ(m) = 〈m|λ〉.
The above formalism may be applied to |KS〉 and |KL〉 by introduing
a hermitian Hamiltonian with a ontinuous spetrum of deay produts la-
belled by α, β et.,
H|φα(m)〉 = m |φα(m)〉, 〈φβ(m′)|φα(m)〉 = δαβδ(m′ −m). (25)
In aordane with formula (22) the unstable states KS and KL may now be
written as a superposition of the eigenkets |φα(m)〉,
|KS〉 =
∫ ∞
0
dm
∑
α
ωS,α(m)|φα(m)〉, (26)
|KL〉 =
∫ ∞
0
dm
∑
β
ωL,β(m)|φβ(m)〉. (27)
Thus
|KS(t)〉 = e−itH |KS〉 =
∫ ∞
0
dm
∑
α
ωS,α(m)e
−itH |φα(m)〉. (28)
|KL(t)〉 = e−itH |KL〉 =
∫ ∞
0
dm
∑
β
ωL,β(m)e
−itH |φβ(m)〉. (29)
Using (28) and (29) we an write
〈KS|KS(t)〉 =
∫ ∞
0
dm
∑
α
|ωS,α(m)|2e−imt def= AKSKS(t),
〈KL|KL(t)〉 =
∫ ∞
0
dm
∑
β
|ωL,β(m)|2e−imt def= AKLKL(t),
〈KS|KL(t)〉 =
∫ ∞
0
dm
∑
γ
ω∗S,γ(m)ωL,γ(m)e
−imt def= AKSKL(t),
〈KL|KS(t)〉 =
∫ ∞
0
dm
∑
σ
ω∗L,σ(m)ωS,σ(m)e
−imt def= AKLKS(t). (30)
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From (15) we an obtain
|K0〉 = 1
2p
(|KS〉+ |KL〉) (31)
and
|K¯0〉 = 1
2q
(|KS〉 − |KL〉). (32)
Now, using formulae (20), (28)-(30), we an express AK0K0(t) et. in
terms of quantities desribing physial states, that is through the amplitudes
AKSKS(t), AKLKS(t) et. (see eg. [2℄)
AK0K¯0(t) ≡
1
4p∗q
[AKSKS(t)−AKLKL(t)−AKSKL(t) + AKLKS(t)] , (33)
AK¯0K0(t) ≡
1
4pq∗
[AKSKS(t)−AKLKL(t) + AKSKL(t)− AKLKS(t)] . (34)
One an also nd that
AKSKS + AKLKL = 2 (|p|2AK0K0(t) + |q|2AK¯0K¯0(t) ). (35)
Assuming (6) and using (16), (35) we get
AK0K0(t) = AK¯0K¯0(t) ≡
1
2
(AKSKS(t) + AKLKL(t)) . (36)
It follows from (31), (32) and (33)  (36) that the probabilities AK0K0(t) et.
an be written in the following way:
AK0K0(t) = AK¯0K¯0(t) =
∫ ∞
0
dm ρK0K0(m)e
−imt
=
1
2
∫ ∞
0
dm
∑
α
{
|ωS,α(m)|2 + |ωL,α|2(m)
}
e−imt (37)
AK0K¯0(t) =
∫ ∞
0
dm ρK0K¯0(m)e
−imt
=
1
4p∗q
∫ ∞
0
dm
∑
β
{
|ωS,β(m)|2 − |ωL,β(m)|2
−ω∗S,β(m)ωL,β(m) + ω∗L,β(m)ωS,β(m)
}
e−imt (38)
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AK¯0K0(t) =
∫ ∞
0
dm ρK¯0K0(m)e
−imt
=
1
4pq∗
∫ ∞
0
dm
∑
β
{
|ωS,β(m)|2 − |ωL,β(m)|2
+ω∗S,β(m)ωL,β(m)− ω∗L,β(m)ωS,β(m)
}
e−imt. (39)
The Breit-Wigner ansatz [13℄
ρBW (m) =
Γ
2pi
1
(m−m0)2 + Γ24
≡ |ω(m)|2 (40)
leads to the well known exponential deay law whih follows from the survival
amplitude
ABW (t) =
∫ ∞
−∞
dm e−imtρBW (m) = e
−im0te−
1
2
Γ|t|. (41)
(Note that the existene of the lower bound for the energy (mass) indues
non-exponential orretions to the deay law and to the survival amplitude
(41)  see [2℄ ). It is reasonable to assume a suitable form for ωS,β and ωL,β.
More speially, we use [2℄
ωS,β(m) =
√
ΓS
2pi
AS,β(KS → β)
m−mS + iΓS2
, (42)
ωL,β(m) =
√
ΓL
2pi
AL,β(KL → β)
m−mL + iΓL2
(43)
where AS,β and AL,β are the deay (transition) amplitudes. It is onvenient
to use the following denitions:
γS ≡ ΓS
2
, γL ≡ ΓL
2
, ∆m ≡ mL −mS (44)
S ≡∑
α
|AS,α|2, L ≡
∑
α
|AL,α|2 (45)
R ≡∑
σ
ℜ(A∗S,σAL,σ), I ≡
∑
σ
ℑ(A∗S,σAL,σ). (46)
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In the one-pole approximation (42), (43) AK0K0(t) an be onveniently writ-
ten as
AK0K0(t) = AK¯0K¯0(t)
= − 1
2pi
{
e−imSt
(
−
∫ −mS
γS
0
dy
e−iγSty
y2 + 1
+
∫ ∞
0
dy
e−iγSty
y2 + 1
)
+e−imLt
(
−
∫ −mL
γL
0
dy
e−iγLty
y2 + 1
+
∫ ∞
0
dy
e−iγLty
y2 + 1
)}
. (47)
Colleting only exponential terms in (47) one obtains an expression analogous
to the WW approximation
AK0K0(t) = AK¯0K¯0(t) =
1
2
(
e−imSte−γSt + e−imLte−γLt
)
+NK0K0(t). (48)
Here NK0K0(t) denotes all non-osillatory terms present in the integrals (47).
3 Diagonal matrix elements of the eetive
Hamiltonian
This setion onstitutes the main part of the paper. Using the deomposition
of type (48) and the one-pole ansatz (42), (43), we nd the dierene (13),
whih is now formulated for the K0−K¯0 system. It an be written as follows
h11(t)− h22(t) = X(t)
Y (t)
, (49)
where
X(t) = i
(
∂AK¯0K0(t)
∂t
AK0K¯0(t)−
∂AK0K¯0(t)
∂t
AK¯0K0(t)
)
(50)
and
Y (t) = AK0K0(t)AK¯0K¯0(t)−AK0K¯0(t)AK¯0K0(t). (51)
To alulate (38), (39) we use the following relations [2℄
∫ ∞
0
dm
∑
α
|ωS,α(m)|2e−imt = 1
pi
e−imSt
[
−J (0)(γSt,−mS
γS
)
+K(0)(γSt)
]
(52)
9
and ∫ ∞
0
dm
∑
β
ℑ
(
ωS,β(m)ϕ
∗
L,β(m)
)
e−imt =
= −
√
γSγL
pi
∫ ∞
0
dm
a1m
2 + b1m+ c1
[(m−mS)2 + γ2S][(m−mL)2 + γ2L]
e−imt
= −
√
γSγL
pi
{
e−imSt
γS
(
D′I
(
−J (0)(γSt,−mS
γS
)
)
+K(0)(γSt)
+γSCI
(
−J (1)(γSt,−mS
γS
)
)
+K(1)(γSt)
)
+
e−imLt
γL
(
F ′I
(
−J (0)(γLt,−mL
γL
)
)
+K(0)(γLt)
−γLCI
(
−J (1)(γLt,−mL
γL
)
)
+K(1)(γLt)
)}
, (53)
where a1, b1, c1 and CI , D
′
I , F
′
I are dened in Appendix B and J
(0)(a, η),
J (1)(a, η), K(0)(a), K(1)(a) in Appendix A.
Using the above mentioned formulae from Appendixes A and B (without
any additional simpliations and approximations) we get, for example
AK0K¯0(t) =
1 + pi
8pip∗q
{
e−imSte−γSt
[
1 + kS
]
−e−imLte−γLt
[
1− kL
]}
+NK0K¯0(t), (54)
where
kS =
√
γSγL
γS
(
−2 i γSCI +D′I − F ′I
)
, (55)
kL =
√
γSγL
γL
(
2 i γLCI −D′I + F ′I
)
, (56)
and NK0K¯0(t) is the non-osillatory term ontaining the exponential integral
funtion Ei and it has following form
NK0K¯0(t) =
1
8piip∗q
{
e−imSte−γStEi(γSt + imSt)(1 + γSkS)
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+e−imLte−γLtEi(γLt + imLt)(−1 + γLkL)
+e−imSteγStEi(−γSt+ imSt)
(
−1 +
+
√
γSγL
[
−2iCI + 1
γS
(−D′I + F ′I)
])
+e−imLteγLtEi(−γLt+ imLt)
(
1 +
+
√
γSγL
[
2iCI +
1
γL
(D′I − F ′I)
])}
. (57)
Using the expression (81) for the derivative of Ei (Appendix A) we an
nd the derivatives whih will be neessary for the following alulations, for
example
∂AK0K¯0(t)
∂t
=
1 + pi
8pip∗q
{
e−imSte−γSt
(
−imS − γS(1 + kS)
)
+e−imLte−γLt
(
imL − γL(1 + kL)
)}
+∆NK0K¯0(t), (58)
where ∆NK0K¯0(t) is dened as follows
∆NK0K¯0(t) =
1
8piip∗q
{
e−imSte−γStEi(γSt+ imSt)
(
−imS − γS(1 + kS)
)
+e−imLte−γLtEi(γLt+ imLt)
(
imL − γL(1 + kL)
)
+e−imSteγStEi(−γSt + imSt)
(
imS − γS +
+
√
γSγL(−2iγSCI −D′I + F ′I)
)
+e−imLteγLtEi(−γLt + imLt)
(
−imL − γL +
+
√
γSγL(2iγLCI +D
′
I − F ′I)
)}
. (59)
There are similar expressions for AK¯0K0(t), NK¯0K0(t),
∂AK¯0K0 (t)
∂t
, ∆NK¯0K0(t).
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The states |KL〉 and |KS〉 are superpositions of |K0〉 and |K¯0〉 ((31),
(32)). The lifetimes of the |KL〉 and |KS〉 partiles may be denoted by τL
and τS, respetively, τL =
1
ΓL
= (5.17± 0.04) · 10−8s being muh longer than
τS =
1
ΓS
= (0.8935± 0.0008) · 10−10s [15℄.
Below we alulate the dierene (49) for t ∼ τL
h11(t ∼ τL)− h22(t ∼ τL) = X(t ∼ τL)
Y (t ∼ τL) . (60)
When we onsider only the long living states |KL〉 then we may drop all
the terms ontaining e−γSt|t∼τL as they are negligible in omparison with the
elements involving the fator e−γLt|t∼τL . We also drop all the non-osillatory
termsNK0K0(t), NK¯0K0(t), NK0K¯0(t) (57) present inAK0K0(t) ((47)), AK¯0K0(t)
and AK0K¯0(t) (54), beause they are extremally small in the region of time
t ∼ τL [2℄. Similarly, beause of the properties of the exponential integral
funtion Ei, we an drop terms like ∆NK¯0K0 in
∂AK¯0K0
∂t
and ∆NK0K¯0 (59) in
∂AK0K¯0
∂t
(58). This onlusion follows from the asymptoti properties of the
Ei funtion (80) and the fat that∆NK¯0K0,∆NK0K¯0 only ontain expressions
proportional to Ei.
We may now alulate the produts AK0K0(t)·AK¯0K¯0(t), AK0K¯0(t)·AK¯0K0(t),
∂AK¯0K0
∂t
(t) · AK0K¯0(t), ∂AK0K¯0∂t (t) · AK¯0K0(t), that after the use of the above
mentioned properties ofNK0K0(t), ∆NK0K0(t) and performing some algebrai
transformations, lead to the following form of the dierene (60):
h11(t ∼ τL)− h22(t ∼ τL)) =
(
2pi2
√
γSγL
pi2 + 2pi + 1
)
· Z
W
6= 0, (61)
where
Z = 4|p|2|q|2 − pi
2 + 2pi + 1
4pi2
[
1 + γS
(
4γLC
2
I +
1
γL
(−D′2I − F ′2I + 4D′IF ′I)
+4iCI(D
′
I − F ′I)
)]
6= 0 (62)
W = 2
(
−CImL +D′I − F
′
I
)
+i
[
−4CIγL + mL
γL
(−D′I + F
′
I)
]
6= 0. (63)
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4 Final remarks
Our results lead to the onlusion that in a CPT invariant and CP noninvari-
ant system in the ase of the exatly solvable one-pole model, the diagonal
matrix elements do not have to be equal. In the general ase the diagonal
elements depend on time and their dierene, for example at t ∼ τL, is dier-
ent from zero. This has been learly demonstrated in the last Setion: Z and
W in (61) are dierent from zero, so the dierene (h11(t)− h22(t))|t∼τL 6= 0.
From the above observation a onlusion of major importane an be drawn,
namely that the measurement of the dierene (h11(t) − h22(t)) should not
be used for designing CPT invariane tests. This runs ounter to the general
onlusions following from the Lee, Oehme and Yang theory.
A detailed analysis of hjk(t), (j, k = 1, 2) shows that the non-osillatory
elements Nα,β(t),∆Nα,β(t) (where α, β = K
0, K
0
) is the soure of the non-
zero dierene (h11(t)− h22(t)) in the model onsidered. It is not diult to
verify that dropping all the terms of Nα,β(t),∆Nα,β(t) type in the formula
for (h11(t) − h22(t)) gives (hosc11 (t) − hosc22 (t)) = 0, where hoscjj (t), (j = 1, 2),
stands for hjj(t) without the non-osillatory terms.
To obtain the numerial estimate the real and imaginary parts of
(h11(t ∼ τL)−h22(t ∼ τL)) it is neessary to put experimentally obtained val-
ues of mS, mL, γS, γL, et., into (61)-(63). Aording to the literature [5, 7℄,
if the total system is CPTinvariant but CPnoninvariant then we have (see,
eg., [14℄)
p =
1 + ε√
2
, q =
1− ε√
2
, (64)
and hene we get
∆K = 2 · ℜ (ε) (65)
where |ε| ≃ 10−3 [5, 7℄. Putting experimental values [15℄
∆m = (3.489± 0.008)× 10−12MeV, (66)
mS ≃ mL ≃ maverage = (497.648± 0.022)MeV (67)
and τL, τS, h¯ into expressions (61) - (63) for the neutral kaon system we an
obtain the following estimations
ℜ (h11(t ∼ τL)− h22(t ∼ τL)) ≃ −4.771× 10−18MeV (68)
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and
ℑ (h11(t ∼ τL)− h22(t ∼ τL)) ≃ 7.283× 10−16MeV. (69)
So, the dierene of the diagonal matrix elements of the eetive Hamiltonian
for the K0 − K¯0 system in one pole approximation is dierent from zero.
Aording to our evaluation
|ℜ(h11(t ∼ τL)− h22(t ∼ τL))|
maverage
≡ |mK0 −mK¯0|
maverage
∼ 10−21. (70)
Reent experiments give
|mK0−mK¯0 |
maverage
≤ 10−18 [15℄. So our estimation (70) does
not ontradit the experimental results.
Deviations from the LOY result estimated in [2℄ have the order of magni-
tude
γ
m
. These estimations refer to amplitudes AK0K¯0 and AK¯0K0. However,
these estimations ould not be diretly transformed into the alulation of
the dierene (h11(τ) − h22(τ)), beause the dierene depends not only on
amplitudes of type AK0K¯0, but also on their derivatives (see: relations (49) -
(51)). There are produts of type
∂AK¯0K0 (t)
∂t
AK0K¯0(t) in the numerator of the
expression (49), whereas there aren't any derivatives in the denominator of
this expression. What is more, there is the dierene of expressions of type
∂AK¯0K0 (t)
∂t
AK0K¯0(t) in the numerator of (49). So, it an hardly be expeted,
that the order of deviations from the LOY result of the relatively ompliated
expression (49) will be the same as the order of orretions to the LOY result
of one of the following expressions: AK0K¯0 and AK¯0K0 .
If estimation (70) is ompared with a similar one obtained in [1℄, [16℄ -
[18℄ one an see that the numerial value of our estimation is muh larger
than the value of mentioned estimations. It is beause the estimations given
in the mentioned papers were obtained using a dierent method for the Lee
Fridrihs model [19℄.
The results (h11(t)− h22(t)) 6= 0 and (68), (69) and (70) seem to be very
important as they have been obtained within the exatly solvable one-pole
model based on the Breit-Wigner ansatz, i.e. the same model as used by Lee,
Oehme and Yang.
As the nal remark it should also be noted that the real parts of the
diagonal matrix elements of the mass matrix H‖, h11 and h22, are onsidered
in the literature as masses of unstable partiles |1〉, |2〉 (e.g., mesons K0, K¯0).
The interpretation of the diagonal matrix elements of H‖(t = 0) ≡ PHP is
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obvious (see [18℄). They have the dimension of the energy (that is, the mass)
and hjj(0) ≡ 〈j|H|j〉, (j = 1, 2). So their interpretation as masses of partile
"1" and its antipartile "2" at the instant t=0 seems to be justied. Note
that H‖ has the following form ([10℄, [16℄ - [18℄)
H‖(t) = PHP + V‖(t), (71)
that is
H‖(t) ≡ H‖(0) + V‖(t). (72)
The diagonal matrix elements of the operator V‖(t), i.e. vjj(t) = 〈j|V‖(t)|j〉,
also have the dimension of the energy and in general they depend on time.
So, the problem seems to be open: we an treat the matrix elements of the
operator V‖(t) as a time-dependent orretion to the energy or mass.
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A Appendix
This appendix ontains the relevant integrals and derivatives used in Setion
3.
Integrals K(n)(a) and J (n)(a, η) are dened as follows [2, 20℄
K(n)(a) ≡
∫ ∞
0
dx
xn
x2 + 1
e−iax, (73)
J (n)(a, η) ≡
∫ η
0
dx
xn
x2 + 1
e−iax. (74)
If we assume a ≡ (γS/Lt) and η ≡ (−mS/LγS/L ), for n = 0 we get
K(0)(γS/Lt) =
∫ ∞
0
dy
1
y2 + 1
e−iγS/Lty
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=
pi
2
e−γS/Lt − i
2
[
e−γS/LtEi(γS/Lt)
−eγS/LtEi(−γS/Lt)
]
, (75)
J (0)(γS/Lt,−mS/L
γS/L
) =
∫ −mS/L
γS/L
0
dy
1
y2 + 1
e−iγS/Lty
= − 1
2i
[
−isgn(−mS/L
γS/L
)e−γS/Lt
+e−γS/LtEi
(
γS/Lt[1− i(− mS
γS/L
)]
)
−eγS/LtEi
(
−γS/Lt[1 + i(− mS
γS/L
)]
)
−e−γS/LtEi
(
γS/Lt
)
+eγS/LtEi(−γS/Lt)
]
, (76)
where Ei is the exponential integral funtion and sgn (−mS/LγS/L ) stands for the
sign of (−mS/L
γS/L
).
Any other integral of K(n)(a) or J (n)(a, η) for n > 0 an be obtained from
(73) or (74) by dierentiating (73) or (74) with respet to a and using the
Fourier identity in (74) [2℄. For n = 1 we have
K(1)(γS/Lt) =
∫ ∞
0
dy
x
y2 + 1
e−iγS/Lty
= −ipi
2
e−γS/Lt − 1
2
[
e−γS/LtEi(γS/Lt)
+eγS/LtEi(−γS/Lt)
]
, (77)
J (1)(γS/Lt,−mS/L
γS/L
) =
∫ −mS/L
γS/L
0
dy
x
y2 + 1
e−iγS/Lty
= −1
2
[
isgn(−mS/L
γS/L
)e−γS/Lt
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−e−γS/LtEi
(
γS/Lt[1 − i(− mS
γS/L
)]
)
−eγS/LtEi
(
−γS/Lt[1 + i(− mS
γS/L
)]
)
+e−γS/LtEi
(
γS/Lt
)
+eγS/LtEi(−γS/Lt)
]
. (78)
The exponential integral funtion Ei is dened in the following way [2℄, [20℄
Ei(±xy) = ±e±xy
∫ ∞
0
dt
e−xt
y ∓ t , ℜy > 0, x > 0. (79)
We an use the very onvenient asymptoti properties of Ei given in [21℄
Ei(0) = −∞,
Ei(∞) =∞,
Ei(−∞) = 0,
Ei(i∞) = ipi,
Ei(−i∞) = −ipi. (80)
These properties of Ei have been used to obtain the nal result (61) - (63).
In our alulations we have also used the formula for the derivative of Ei.
Its nal, general form is given below
dEi(±xy)
dx
=
1
x
e±xy. (81)
B Appendix
In this Appendix we ollet from [2℄ the oeients a1, b1, c1 and CI , D
′
I , F
′
I
whih were used in Setion 3.
The alulations will be learer if we write the sum of the produt∑
β ω
∗
S,βωL,β in the same way in whih spetral funtions dened by (42),
(43) were used earlier in [2℄
∑
β
ω∗S,βωL,β
BW
=
√
γSγL
pi[(m−mS)2 + γ2S][(m−mL)2 + γ2L]
×
×{(aRm2 + bRm+ cR) + i(aIm2 + bIm+ cI)} (82)
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where
aI = I, bI = (γS − γL)R− (mS +mL)I
cI = (γLmS − γSmL)R + (mSmL + γSγL)I (83)
similar formulae may be found for aR, bR, cR, where
R =
∆K
2
√
γSγL
(γSS + γLL), (84)
I =
∆K
2
√
γSγL
∆m
γS − γL (γSS − γLL), (85)
and
S = 1 +
γS
pimS
+O((γS/mS)2),
L = 1 +
γL
pimL
+O((γL/mL)2). (86)
Equations (86) result from performing the following integration∫ ∞
0
dm
∑
α
|ωS,α|2 =
∫ ∞
0
dm
∑
β
|ωL,β|2 = 1. (87)
This integral follows from the initial onditions dened by (15)-(17).
This expression is now fatored
aIm
2 + bIm+ cI
[(m−mS)2 + γ2S][(m−mL)2 + γ2L]
=
CIm+DI
(m−mS)2 + γ2S
+
EIm+ FI
(m−mL)2 + γ2L
(88)
whih leads, as usual, to a linear system of equations whih allows us to
alulate the oeients CI , DI , EI , FI
EI = −CI ,
CI∆m+D
′
I + F
′
I = aI
CI [(m
2
L + γ
2
L)− (m2S + γ2S)]− 2D′I(mL − 2F ′ImS = bI
D′I(m
2
L + γ
2
L) + F
′
I(m
2
S + γ
2
S) + CI [mL(m
2
S + γ
2
S)
−mS(m2L + γ2L)] = cI (89)
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In the last formula we have introdued new denitions
EI = −CI ,
D′I ≡ DI + CImL, F ′I ≡ FI − CImL. (90)
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